Objective-To study the source of non-outbreak legionnaires' disease, particularly the role of cooling towers, by comparing the locations of patients' homes in relation to the location of cooling towers.
Introduction
Legionnaires' disease is a bacterial pneumonia acquired by inhaling aerosol contaminated by legionellas. The important known sources of infective aerosol are evaporative cooling systems (referred to in this paper as cooling towers) and hot water systems. In Britain most clusters of infection have been associated with hot water systems.' With regard to evaporative cooling systems these are of two types: evaporative condensers and wet type cooling towers. Essentially these systems eject heat into the atmosphere as evaporated water, but most of the coolant water is recirculated. Legionellas thrive in this environment and may be aerosolised in high concentration, particularly in poorly maintained systems.
In many outbreaks of legionella infection the source is not discovered. For Based on cases that occurred in 1984 (the year of a community acquired outbreak5) Bhopal and Fallon reported an association between the location of cooling towers in Glasgow and the residence of patients with non-outbreak disease.6 This led to the hypothesis that cooling towers were important sources of both outbreak related and non-outbreak related disease. The accuracy of the data on the location of cooling towers, however, was unknown. ( We prefer the term "non-outbreak" to "sporadic," though in published research sporadic is usually used to mean nonoutbreak. We define sporadic as referring to cases that were not clustered in time and space and non-outbreak as referring simply to cases that were not recognised as being part of a cluster.) This report describes the relation between the location of cooling towers in Glasgow and the location of patients' homes in cases of legionnaires' disease that occurred between 1978 and 1986 using more advanced statistical techniques and verified data on the location of cooling towers. Two important alternative explanations were tested. These were (a) that the association between the location of cooling towers and place of residence in cases reflected a higher susceptibility rather than exposure in populations living near cooling towers (the susceptibility hypothesis); and (b) that people living near cooling towers were more likely to be admitted to hospital and tested for legionnaires' disease (the differential testing hypothesis). routinely for respiratory disorders, the ratio of number of tests to number of cases of pneumonia would be fairly high. Assuming that the proportion of cases of respiratory disorders that were legionnaires' disease was uniform across hospitals, the ratio of number of tests to number of cases of legionnaires' disease would also be fairly high. But if the proportion of cases which were legionnaires' disease was higher than average in one hospital the ratio of number of tests to number of cases of legionnaires' disease might be average or even lower than average. These ratios can show whether a hospital has a high or low threshold for testing and whether this is a result of an underlying higher than average incidence of disease.
Sources of data and methods
Laboratories in Glasgow hospitals were contacted and information obtained about their use of the acting reference laboratory.
GEOGRAPHICAL ANALYSIS
The addresses of patients and cooling towers were converted manually to seven unit postcodes and, by using the postcode directory,'5 converted to grid references with a resolution of 10 m. These were mapped by using a computer mapping package.6
The relation between the location of home residence in cases and the location of premises with cooling towers was studied first visually, then statistically. The statistical analysis entailed calculating for each census enumeration district the expected numbers of cases of travel associated and community acquired, non-travel, non-outbreak legionnaires' disease by applying age, sex, and year specific rates for Glasgow city to the age and sex stratified population of these areas (from the 1981 census data). Observed numbers of cases in each enumeration district were found by linking postcodes with enumeration districts by using the postcode directory. This process was repeated for the lung cancer data.
Each enumeration district was then categorised according to the distance from the population weighted centroid of the district to the nearest cooling tower. This was done separately for each of the years 1978 to 1986 and took account of which towers were known to exist during the particular year, based on the age of the towers at the time of the survey. The distance categories were -0 25 km, >0 25 km to S0 5 km, >0 5 km to -0 75 km, >0 75 km to ,1O0 km, and >1-0 km. The numbers ofobserved and expected cases in each of these categories during 1978 to 1986 were found by summing the individual year totals. The relative risks of living within each of the four categories : -0 km from a cooling tower compared with living outside the 1 km zone were estimated using the Mantel-Haenszel odds ratio. 17 
Results

BACKGROUND INFORMATION
Between 1978 and 1986 there were 210 possible cases of legionnaires' disease in the city of Glasgow. Thirty two were associated with the 1984 outbreak,5 five with the 1985 outbreak,'3 and seven were in patients who had visited a hospital in the 10 days before illness. Of the remaining 166 cases, 134 met the diagnostic criteria; all these patients had a clinical history of acute pneumonia or a lower respiratory tract infection and met laboratory criteria as summarised in 1978, 1979, 1983, 1984, and 1985 , the observed to expected numbers of cases in these years among people residing within 0 5 km of a cooling tower being 4 5, 2-9, 3 2, 2-5, and 1-7 respectively. There was no association with respect to travel associated infection. The association between cooling tower location and location of home residence in cases of lung cancer though statistically significant, was weak (relative risks 1 1 and 1 -2 for patients living >0 25 to -s<0 5 km and s,0 25 km from a cooling tower respectively). Based on the formula attributable risk= (proportion of population exposed x (relative risk-1)/(population exposed x (relative risk -1) +1), and assuming that the association is causal, 28% of the incidence of non-outbreak legionnaires' disease would be attributable to cooling tower sources. 1981, 1982, 1983, 1984, 1985, and 1986 1978 and 1986 in the Glasgow population was related to the distance of the home from a cooling tower. As many people who lived more than 1 km away would in the course of their daily lives have come closer to cooling towers, the true risk of non-outbreak disease associated with cooling towers was probably underestimated.
REQUESTS FOR SEROLOGY IN RELATION TO PNEUMONIA AND LEGIONNAIRES' DISEASE BY HOSPITAL
The abrupt changes in the annual number of cases support the hypothesis that non-outbreak cases were linked to cooling towers. Annual fluctuations in the number of cases have occurred elsewhere in Scotland (unpublished observations) and in Scotland as a whole.9 The exposure from hot water systems would be expected to be comparatively stable but that from cooling towers is variable, being related to maintenance procedures, quality of the water, and temperature changes. Before discussing the implications of these observations we consider alternative explanations.
The observations cannot reasonably be explained by error or bias in the data or by varying case definition. As the Glasgow water supply is essentially from one source20 there was no confounding effect in this respect. Incomplete ascertainment of cooling towersand, in particular, biased ascertairnment-remains a theoretical explanation for the findings. We propose that this explanation is unlikely for the following reasons: the cooling tower register was compiled over years and not by a single survey; overregistration of premises was found (44% of premises registered had no cooling tower but had other equipment such as humidifiers)'4; and the data on case location and cooling tower location were collected independently by different observers.
ALTERNATIVE EXPLANATIONS
There are three alternative explanations of note. Firstly, large buildings which have cooling towers may also have complex hot water systems. Could it be that people were infected by exposure to these and not the cooling towers? Aerosol from hot water systems is produced in small quantities and has not been associated with infections at a distance,2' 22 unlike aerosol from cooling towers.22 Hence this explanation would require that patients entered these premises; merely living close by or passing by would not suffice to cause infection. This explanation seems improbable.
Secondly, people who live near cooling towers are possibly more susceptible to infection. Cooling towers are often in the inner city or industrial areas, places where the socially deprived may live and where there is a higher prevalence ofsuch risk factors for legionnaires' disease as smoking or chronic respiratory disease. If this "susceptibility hypothesis" were correct, however, other respiratory disorders which share the risk factors for legionnaires' disease-for example, male sex, age, and smoking-would show comparable non-causal associations with cooling towers. But this was not so, for the association in relation to lung cancer, though statistically significant, was weak (relative risk -<1 -2). (It may reflect a higher population susceptibility to lung cancer, a higher prevalence of smoking, or exposure to other carcinogens among those living around cooling towers.) On these data the susceptibility hypothesis could not explain the strong association found in regard to legionnaires' disease.
We could not obtain accurate occupational information from many patients and hence could not compare the association between social class and the risk of legionnaires' disease. (We are unaware of other studies on this subject.) We believe that our results cannot be explained as confounding by social class and were impressed by the paucity of cases in the large socioeconomically deprived housing estates of Pollock (6 km east south east of the city centre), Drumchapel (9 km north west), Easterhouse (9 km east), and Castlemilk (6 km south), which together with areas around them are characterised by a comparative lack of industry and other large non-residential buildings and which lie on the peripheries of the city. The explanation based on differential susceptibility is incomplete.
Thirdly, possibly people who live near cooling towers are more likely to receive a diagnosis of legionnaires' disease, either because they are more often admitted to hospital or, once there, because they are more likely to have laboratory tests. Few doctors, however, would know the location of cooling towers, so this bias could not reflect a conscious decision on their part. None the less, hospitals which serve populations who live near or adjacent to the city centre might be more attuned to the diagnosis. Analysis of the ratios of requests for serological tests to the numbers of cases of pneumonia and of requests for these tests to the numbers of cases of legionnaires' disease did not support the differential testing hypothesis. It seemed that hospitals tested more frequently but in response to a higher than average incidence, and that the higher incidence of disease near the city centre was not a result of high rates of testing by hospitals there.
AEROSOL FROM COOLING TOWERS
The most plausible explanation for the association between the locations of cooling towers and home residence in cases is that infective aerosol from cooling towers was carried moderate distances and inhaled by people living, shopping, socialising, or working nearby. Patients were not necessarily infected in their homes, though this would be compatible with past evidence of aerosol entering buildings through windows, doors, chimneys, and other air intakes.2324 Contaminated drift from cooling towers can travel hundreds of metres to cause infection. 9 23 25-27 This explanation is compatible with current knowledge about drift from cooling towers, the physics of aerosol movement,28 the ecology of legionellas, and epidemiological observations.2 Our comparisons of relative risk were made by comparing patients resident more than 1 km from a cooling tower with those in four 250 m distance groups within 1 km. This decision was based on the observation that bacterial infection can occur 1 km from a source of aerosol28 and the fact that at the time of study the maximum distance associated with airborne spread of legionnaires' disease was 900 m (a housebound patient).5 We have shown a non-linear dose-response, the relative risk dropping abruptly from more than 3 0 in people living within 0 5 km of a cooling tower to 1 19 in those living 0-5-0-75 km from one. This pattern was similar to that described by Addiss et 
Conclusion
The study of geographical variation in the incidence of legionnaires' disease provides a powerful basis for tracing the environmental sources of infection on a community basis. The methodology used in this study is conceptually straightforward (though technically demanding), but information on location of cooling towers, residence of patients, and populations in small areas is often not available.
In conclusion, this study shows that non-outbreak (or "sporadic") infection may arise from cooling towers and that such infection cannot be assumed to be acquired from the domestic environment or from hot water systems. This is encouraging as the scope for preventing non-outbreak infection is greater if control measures can be focused on the limited number of cooling towers rather than the much larger number of complex hot water systems in a community. 
Introduction
The Jarman score for underprivileged areas is a measure of general practitioners' workload. As well as the recent prominence as a trigger for special payments to general practitioners the Jarman underprivileged area index has been used as an indicator of urban deprivation. It has also been used in health service planning, where it was put forward as a measure to help in the allocation of resources in the discussions taking place before the publication of Working for Patients in 1989.'
In this paper I trace the development of the Jarman index and examine some criticisms and wider issues affecting measures of urban deprivation.
The 1981 Acheson committee, in their review of primary care in London, collected evidence about the social characteristics of the inner London population (such as how many elderly people there were living alone) and its need for primary care. 2 Replies and evidence to the committee formed the basis of a questionnaire that was distributed by Jarman in 1981 to a national 10% sample of general practitioners selected from a commercial mailing list.3 Much of the later work emanating from Jarman's research rests on responses to the single question:
Below is a list of factors which evidence suggests contribute to the pressure of work on general practitioners. Based on experience in your own practice, could you please score each factor on a scale from 0 (no problem) to 9 (very problematical) according to the degree to which it increases workload or contributes to the pressure of work when it is present. Those factors which you do not mark will not be included in our final calculations.
Jarman gave attention to service factors in his 1983 paper, but it was "social factors alone ... [that were] used to measure workload according to the general practitioner's assessments."3 Ten such social indicators are taken into account in the calculation of the underprivileged area score.
A weighting procedure was adopted for calculating the underprivileged area score according to the average scores given in response to the above question. Table I gives the average score for each factor. To validate the index a matching procedure took place that compared maps showing areas of greatest workload or pressure compiled by local medical committees with those of Jarman's underprivileged area scores for the same geographical areas. 4 In five family practitioner committee areas there was agreement on all but 6-3% of the wards. According to Jarman, variations in the method of calculating the scores has little effect on the ranking of ward scores.
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